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A i r  L a t e r i e l  Command, isray A i r  Forces 

AXZODYNAifIC Gm4CTERISTICS OF A PORT1023 OF THE 

By dngelo  Perone and Ceci l  L. Berthold 

A Douglas C-74- a i rp l ane ,   du r ing  a t e s t   d i v e  at about 
0.525 Each number, experienced  uncontrolIable  longituC1.na.l 
o s c i l l a t l o n s   s u f f i c i e n t  t o  cause  shedung o f  the o u t e r  wing 
panels  and the subsequent crzsh of the  e-irplane.  Tes t a  oj: a 
sec t ion  of  t he   ho r i zon ta l  tall p l m e  f r o n  a C-74 a i rp l ane  
were  conducted in t he  Amea I&foot  high-speed wind tunnel t o  
i n v e s t i g a t e   t h e   p o s s i b i l i t y  of  t he  t a i l  as a con t r ibu t ing  
f ac to r   t o   t he   acc iden t .  The r e s u l t s  o f  the   fnves t fga t ions  of 
f abr ic-covered  e levators  i n  various conditions of surf ace 
deforrcation  are  presented i n  this re2ort .   Bulging and sagging 
of the fabric were  found to produce  adverge  effecte on tbe 
e l eva to r  hinge-moment chars-oteristics. An ana lys i s  of  t he  
dynamic pitohlng stability of the a i rp lane   toge ther  with the 
data o b t a i n e a   f r o n   t h e s e   t e s t s   i n d i c a t e  that t h e   l o n g i t u i l i n d  
o s c i l l a t i o n s  could have  been cmseil by the elevator. Lon@.- 
t u d i n a l  dynamic i n s t x b i l i t y  i s  i nd ica t ed  t o  be less l ike ly  if 
t he   e l eva to r   su r f ace  d'eformation i s  rlinimized by f a s t e n i n g  
the fabric t o  the nose skin an& doubling  the number of ribe. 
During tes t s  of one e l e v a t o r  of the same cons t ruc t ion  QS on 
the   a l rp lanc ,   the  fabric tore loose  fron seve ra l  of  the ribs, 
Thts f a i l u r e   r e s u l t e d  i n  extreme  ballooning of t he  surfaoe 
vhich s e r i o u s l y   a l t e r e d  the hinge  nonents. It i s  possible 
that the cresh o f  the   a i rp lane   c lur ins  i t s  t e s t  f'Ug?zt 1Ta.g the  
r e s u l t  of ballooning,  and possibly rup tu re ,  of  the e leva tor  
f a b r i c  due to a siailar failure of i t s  rib fcs ten ings .  
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Pursuea t   to   reques ts  from the A ~ Y  L k t e r i e l  Command, hny 
A i r  Forces,  tests of a, portion of the ho r i zon ta l  tali1 from Q 
Douglas (2-74- airplme were conducted i n  t h e  Ariles 16-foot 11Lgi:- 
speed wind tunnel  i n  orrier t o  analyze the  e-erodynmio cheat- 
t e r i s t l c s  of the t a i l  a s  a poss ib le  caum o f  the recent  o r e s h  
of one of  t hem  a i rp l anes   du r ing  a test Flight. 

The disaster occurred d u r i n g  a f l i g h t  which was t o  have 
included e. shallow 8I.w at an indicatoil   zirspeed of  372 nixes  
per hour with a 2g pull-out. Just before  the  accidcnt ,  the 
air l ane  was s t a r t o d  i n  a I O o  t o  l!jo nose-down dlve from 
12,800 f e e t   a l t i t u d e .  The p i l o t  haG not iced o few v ib ra t ions  
giving about N . 2 g  acce le ra t ion   bu t  G3.d n o t  consider them t o  
bc serious. Vhen an ilrdicated nitrspeeC! of 345 miles per h o w  
wag roached at about 8000 f e e t   a l t i t u i i o ,  the c o n t r o l   s t i c k  novcil 
back towcard t h e   p i l o t  and away agail:, but no p i t ch ing  of t h o  
airplane WQB noticed. Immediately thereafter, vi ld  o s c i l l a t o r y  
pitchifig o f  the airplane started, The frequency was estimated 
by the pilot t o  be about one oycle per sccond and the oscil-LC- 
t i o n  pers ls ted through four cycles ,   ccusing an es t inn tcd  * 
acceleration at the p i l o t ' s   p o s i t i o n  of 10 t o  -5g. Vihen t h o  
osc i l l a t ions   subs ided  the FLlot  saw that b o t h  wings had broken 
o f f  just outs ide  the outbowd nacelles. The crew bailed o u t  
mQ t h e  airplane crashed  into  high-tension power l i n e s ,  cmloiled, 
and burned. S t r u c t u r a l  analyses n a b  by the Douglas Aircraft 
Corporat ion  substant ia te  the fact  that, had these l ong i tud ina l  
o s c i l l a t i o n s  of the airplane  been c m s c d  5y the e leva tor ,  
shedCing of the outer  wing panels vi thout  failure of  t h e  tail 
could have  resulted.  

Due t o  the urgent need f o r  knovledge of the CRUBE! of the 
accident ,  a fu l l - sca le   por t ion  of the ho r i zon ta l  t a i l  was 
t e s t e d  in the 16-foot wind tunnal  in s p i t e  of the f a c t  that 
the l a r g e   s i z e  o f  the ta2l plane r a l a t ive  t o  the wind-tunnel 
t e s t  sec t ion  introduced  ser ious  tunnel-ml.1  interference,  the 
magnitude of-vhfcl-i could be only roughly approximated, Tests  
wero conducted with the o leve tor  fo-bric and its method of 
a t t achmen t   i n   e s sen t i a l ly  fou r  different conditions,  Tho 
r e s u l t s  md F. brief ,ul&CLysis prcsontcd In this report. 
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XODEL AND APP2iRLTUS 

Tests were  conducted of the i2ortion of  c?. Douglas C-74 
h o r i z o n t a l  tail extending fron the inboard end of  the eleva- 
t o r  t o  a po in t  about 15 f e e t  outbo,vd o f  that s t a t ion .  (Sco 
f ig .  1.) The t a i l  was mounted i n  the A m c ~  l & f o o t  high- 
speed  wind  tunnel so that i t  apnnned the test sec t ion  as 
shorm in '  f fgure  2. A gap oP about  one-half  inch existed 
between  the  tunnel walls m a  the enda of t h e   e l e m t o r .  

The forces and moments were neosured br the six-component 
balance system. The e leva tor  and tab angles were s e t  by 
hand. Hinge moments of  both t he   con t ro l  tab and the e levntor  
were  measured by means of c e l i b r c t e d   e l e c t r i c a l - r e s i s t - .  qnce 
s t r a i n  gages. A s t a t i c  cal ibrntfon o f  c l evn to r   de f l ec t ion  
w i t h  hinge monent vas mads by hanging weights at  t h r e e  
spanwise  locations along the  c-ft p o r t i o n  of the e leva tor .  
Lines  were  painted on the e leva tor  surf ace (fig. 3 )  t o  rxke 
the  bulging  nore easily peroept ib le ,  mQ photographs were 
taken at v a r i o u s   k c h  nunbere. 

The average rib s p m i n g  o f  t h o  o r i g i n a l   e l e v a t o r  TTOB 
13 inches.  For t e s t s   i nvo lv ing   dec reased  r i b  spacing the 
number of ribs was doubled, reducing the spac ing , to  egproxi- 
natcljr 6.5 inches.  

The following i s  a list of t he   pe r t inen t  dlmensfone of 
the complete horizontal tail plane of  the  Douglas C-74 a l q l a n e :  "_ 
s p a n .  . . . . . . . . . . . . . . . . . . . . . . .  660 in.' 

Root  chord . . . . . . . . . . . . . . . . . . . . .  200 in.  

Pro jec ted  t i p  chord . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . . .  2:1 

4,115 

AZrfoil sec t ion  at root . . . .  NACA 0015 modlfied by extend- 
ing  t r cL l ing  edge by 

12 percent  chord 

t 

Y 



4 NACA Ri! Fq. ~ 7 ~ 2 g  

A i r f o i l  s e c t i m  at 
p rQjec tcd  tip , + NGCA 0012 nr,dif i c d  by e x t o n u n g  trail- 

i n g  edge by 12 percent   chmd 

Thickness at  rmt . . . . . . I . 13.4 percent chmd 

T h i c h c s e  at  prqJected t i p  . . . b c percent ch9z-d 

Eblmcc (ratir, of c h w d  9f balance ,area 
t o  c l c v a t w  c h w d  a f t  qf hinge l i n e  . I . . 36.7 percent  

The symb9L3 
defined as fq l lows:  

c q c f f i e i c n t s  w e d  i n  this rcprlrt a r e  

a anglc qf attack of tho tail r e l a t i v c  t q  t h e  cir strcm, 

6 C  elevator eagle r e l a t i v e  tq the  s t a b i l i z e r  chwd l f n o  

6t c l e v n t w  c m t m l - t n b  m g l c  r c 1 a t f v . e   t o   t k c  clcvat-w 

degTccs 

(plus whon t r a i l i n g  edge is d Q T r n ) ,  dogrcea 

chwd Uno (plus when t r a i l i n g  odgo i~ awn), dcgrccs 

s a r e a  qf the p w t i q n  of thc t n f l  t c e t c d  (193.78 sq f t )  

bC span qf e l c v n t w   t c s t c d  (14.80 P t )  

bt span 3f c o n t r q l  tab (9.5s3 f t >  



- 
cta mean-s uarcd control-tab chorLt a f t  of hinge line 

(1.0% sq f t )  

4 

P d e n ~ l i t g  of f r e e  air strecan, slugs per cubic f o o t  
v veloc i ty  of free air stream, f e e t  per second 

Vi ind ica ted  airspeed, nile8 per hour  

IC Xacb number, r a t i o  of strep;i v e l o c i t y  t o  v e l o c i t y  of 
sound 

5 

(The subsc r ip t s   ou t s ide  the pmentheses  r e p r e s e n t   t h e   f a c t o r s  
held cons tan t  dwring the neasxrenant of the paremeters.  } 

Subscript 

U data uncorrected f o r  c o n s t r i c t i o n  and tunnel-wd-1 
in t e r f e rence .  

TESTS 

The t e s t s  of t he   po r t ion  of the  Douglas C-74 horlzontzl-  
t a i l  plane were conducted with t h e   e l e v a t o r   f a b r f c  in fou r  
d l f fe ren t   con6i t ions .  

The f i r s t  of these I-TS.:.S one i n  vhfch the   e l eva to r  fabric, 
at t h o  s t m t  of t h e   t e s t i n g ,  f.ms c t t m h e d  t o  the  ribs by 
small screws and drawn over tho n e t d  nose skin but attached 
t o  it only by doping. E a r l y  i n  the course of the  tests the  
f a b r i c  pulled loose from the  nose skin and a bulge dcvelopei! 
which, upon increas ing  i n  size, began t e a r i n g  the f a b r i c  
from i t s  f a s t en ings  t o  the  fore parts o f  tho ribs. The 
bulging and detachment  from the ribs rap id ly  extended from 
about 5 to 4-0 percant  of  the elevator chord and, i n  extreme 
cases,   bulging up t o  an e s t i m - t c d  4 i n c h e s   i n  height occurrcG 
over about one-half of "the t e s t  spm. Fabr ic  sag varying i n  
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magnitude up t o  m estimated 1.5 i n c h e s   i n  Ltepth occurred 
bcttmm the Pibs c?t the a f t  :gort;ion of tho e leva to r  over t h o  
complete t e s t  apm. Typical-bulging rnd sag of- 
f a b r i c  f o r  this condition i s  ehown i n  I"i3,ure 4. 
c levz tor  condi t ion will henceforth be referred t 

the c levc tor  
This f i rs t  

o 0.8 thc 
l 'or iginal   condi t ion,  f a b r l c  de tnched. If  

The seoond condition embodied reattachment of the  fc.bric 
t o   t h e  ribs and f a s t en ing  t o  the metal nose sk in  by rows of 
acro'ws along the r e m  edge of the nose skin and chordvise d o n s  
the rib l i n e s   p r o j e c t e d  foramrd, Thc bulging vas reduced con- 
s iderably  by this means and only s l i g h t  bulges (not  over 
0.5 inch i n   h e i g h t )  a t  about the IO-percent-chord line rcsultcd 
between the fastenings.  Nothing TTP-EI Gone t o  minimize the sag 
o f  the fabric between the ribs unSrer c3.r lad, clnii the 6UCking 
i n  of tho sur faces   p rcva i led   to  xpiy?oxim.tely t h e  same extent  
LTS vLth the first c l e w t o r  condition. This second  condition 
1~111 be known c,s that with the c1ev::tor in t h e  ttoriginciL con- 
d i t i on ,   f ab r i c   fn s t ened .  

Due t o  the urgency lrith ~ ~ i z f c h  t e s t s  rrcrc-ncdo of  thcse 
f irst  two elovF.tor  corld-itions, the control-tab link.Tgc v c s  
l e f t  nlrnost n s  that  on the rArplr.ne, ?.nci the tzb WC?B l inkci!  
r i g id ly  t o  the s t z b i l i z c r .  TTitl? this s y s t m ,  the  cont ro l  tc.b 
de f l ec t ed  r e l e t ive  t o  the e leva to r  PA thc? o l e v a t o r  def lco ted  
undem, load. Deformafton of tho l i n h g e  s y s t e n  also contr ibuted 
to t h e  t p - b  def lec t ion .  Excct evcLup,tfon of the c f f o c t  of this 
t2.b d e f l e c t i o n  ~ n s  n o t  poss ib lo  but it  is bel ieved t h z G  it  
vas such as to czum more p o s i t i v e  chs. 

2,3 t h2 . t  of  %ecrensod r i b  s;2?acing, frbric Fp-stcned. If Jn t h i o  
ccse the number of ribs t.rm doublcd (rccucing the r i b  spccing 
t o  6.5 inches)  nnd the  fc.bric PTLS f .?.stcnca t o  d l  the ribs rnd 
t o  the nose skin.   Deflection o f  the con t ro l  tcb YTCS mlrmizod 
by l i n k i n g  it t o  the e levator ,  

The third elevator   condi t ion ia h c r c l n c f t e r   r c f o r r c a   t o  

d 

J 

The fourth elevator condi t ion T T ~  iGen t i c2 l  v i th  thc 
first, pr ior  t o  t e s t f n g ,  in represent ing  the pert d i r e c t l y  off 
the airp1,me. Hovever, the fp-brfc on this alevntor  d i d  n o t  
t ec r  loose froa the ribs and the bulging a d  sag m r o  con- 
sidmably less than t h a t   p r e v a i l i n g  Guring t e s t s  of the first 
conGition. (Sco f i g .  5.) This f o r n t h  condi t ion will bo 
r e f e r r e d  t o  28 the o r i g i n a l  conCdtion. Control-t3b ci1arF.c- 
teristics were noasurod during this  rourth set o f  t e s t s .  



FCZDUCTIOIIT OF DATA 

Corrections have been applied t o  .the aerodynamic  ooeffi- 
cfonts   according to the method of r e fe rence  2 nodified lor a 
circirlar closed-throat wind tunnel.  The equations used for 
computing co r rec t ions  f o r  constriction and tunnel-wall. 
effects  were as follows: 

The theory f r o a  which the preceding equat ions have been 
de r ived   a s swee  that t he  chord- cnit thickness  of the aodel m e  
small r e l a t i v e  t o  the s i z e  of the tes t  section, that the 
a l r fo i l  s e c t i o n  anri chord are c o n s t m t  along  the span, ana 
that no end  leakage exists near the tunnel  walls. Each of 
these  fundamental   considerations uas v i o l a t e a  I n  the win&- 
t u n n e l   t e s t s  of  the C-74 tail, the Cevia t ion   f rou  the fl.rs% 
being perhaps the  nost critical, 

Unfortunately,  the e f f e c t  02 the   tunnel  walls on t h e  
e l eva to r  hinge inoments i s  that fol- which the   co r rec t ions  =e 
the nost uncer ta in .  The corrections t o  t he  hinge-ruonent 



c o e f f i c i e n t s  vere 8s lmge  8s U.030. T-lith cor rec t ions  that ,  
i n   g e n e r a l ,  were larger than the ac tue l  v a l u e s  of  the uncorw 
rectea coe f f io i en t s ,  i t  nust be unicerstood that the so-calleb 
"cor rec ted   coef f ic ien ts"   a re ,  at b e s t ,   a ~ p r o x i n x t i o n s .  The 
magnitudes of the elevztor  hinge-nonent coeff ic len t   cor rec-  
t i ons ,  f o r  example, were i n  some cmses enough to   reverse  the 
v a r i a t i o n  of hinge-moment ooe f f i c i en t  with elevator angle. 

The v a r i a t i o n  o f  hinge-mo ent   coeffLcient  with e l eva to r  
angle i s  p reeen ted   i n   f i gu res  2 t o  9 for a l l  tho  condi t ions 
t e s t ed .  The positive v a r i a t i o n  f o r  the febric-detached 
( f ig .  6 )  and- the fabric-fastened  condi t ions ( f ig .  7)  is c.ppCv- 
en%. A negntive elope is shorn when '';he fcbric wa6 fns tenea  
with decregsed r i b  spacing ( f ig .  8 )  anil f o r  t h e   o r i g i n a l  con- 
d i t i o n  ( f ig .  91, the   predoninnnt   feature   being a less negative 
slope with increase  o f  IIach number. I n  some cases  the tunnel- 
t r a l l  cor rec t ions  were o f  suck magnitufie as to convert  a nega- 
t i v e   s l o p e   i n t o  a p o s i t i v e  one.  Tinerefore, the absolute  
values  of the c o e f f i c i e n t s ,   i n  etch c a m ,  are   subJect  t o  
question. 

Figures 10 t o  13 present  the chmge of' e l evc to r  hinge- 
rrlornent coe f f i c i en t  with teil mgle  of  r.ttr.ck f o r  the d i f f e r e n t  
fabric uondltions,  the r e s u l t s ,   i n  genera.'", being  sini1,m nnrl 
i nd ica t ing   pos i t i ve   vmia t ions .  The t c 3 l  l i f t  c o e f f i c i e n t  2.s 
n func t ion  of e leva to r  angle i s  shotm i n  ffgures 14 t o  17. 

The pos i t ive   v ,wia t ion  of CL r r i t h  6e nt 0.20 iicch 
number m s  genera l ly  the sme for c.11 the   fabr ic   conGit ions 
tested. It i s  no t i ced   t ha t  the slopes of these curves, for 
t h e   c o n d i t i o n s   i n  which surface d o f o r m t i o n  w.s not  nininizoii, 
decreased with increase of  lhch   nwber .  Tho negative elevate;? 
e f f ec t iveness  vhLch r e s u l t e d  7 . r i t h  incmase of Ikch number f o r  
t h e  e l e v a t o r   i n  the origfn,?l  OonGftion n o s t  l i k e l y  ~3.6 due t o  
fabric bulge of a type  unique t o  th is  fabric condition. 

ch6 nnd I s  shown i n  figures 1s t o  20 f o r  a l l  the condi- 

t ions   except  that  v i th  the fabric  Gctcched. Synbola u s e d   i n  
these plots reDresent the results of cross p l o t s  of the orig- 
i n a l  data. The (3% vcrL-.tion TE.B s i n i l c r   f o r  d l  a lcv- tors  

The e f fec t  of  ihch number on the cerodynaruic p m m e t e r s  
cha 
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t es ted ,   t ending  t o  increase   wi th  increasiag i koh  number. 

Figure 22 p resen t s  the r e s u l t s  o f  an m a l y s i s  of the 
dynamic p i t c h i n g   s t a b i l i t y  or" the (3-74 af rp lane  made by the 
Douglas Aircraft Corporation  mcorit ing t o  the method o f  
reference 3 .  The f l igh t  cond i t ions   fo r  which t h e   c r i t l c a l  
boundaries have been  calculated m e  apgroxirnately those unLer 
which the  accident  occurred to   t he   a i rF lene .  The experiEente-l 
data inc luded   i n   t he  flgure a r e  f o r  the   fabr ic - fas tened  - 
decreased r ib  spacing  and f abric-f rstened conditions.  Due 
t o  l o a d  limits, not  enough data rrere available f o r  the  con- 
d i t i ons   w i thou t   t he  fzbrfc fas tened  t o  present  more t e s t  
r e s u l t s  on the p i t ch ing - s t ab i l i t y  plot. The uncer ta in ty  of 
the   tunnel-wal l   correct ions is espec ie l ly  c r l t l ca l  i n  zpply- 
Lng this curve as only a slight error i n  their  nagnituties 
cou ld   cmse  a shif t  of the experixente.1  points,  thereby 
e i the r   deno t ing  stabil i ty or inst r -bi l i 'cy.  

Figure 23 ahovs the  vaTf_a.tion o f  the inGicated aLr spee'd 
with l k c h  number i n  the wind tunnel. It i s  m o b a b l e   t h n t  the 
e leva tor   sur f   ace   deformt ion  ana aerodynamic- c h s a c t e r i s t i c s  
vere  at  least  p a r t l y   a f f e c t e d  by t h e   i n c r e a s e   i n  dynamic 
pressure with increase  of i'ach nmber .  i n  applying  the 
r e s u l t s  o f  the wind-tunnel t e s t s ,  the  values of i nd ica t ed  
airspeed  should  be  considered along vi th  the  iiach nunber. 

During the t e s t s  o f  an   e leva tor  slnilar t o  that on the 
airplane,   detachment of t he  fabr ic  froru some of the ribs 
occurred. This fa i lure  was acconpanied by surface ballooning 
of such s e v e r i t y  that, had t e s t i n g  at the high Lhch nul-dbers 
continued,  complete fabric f d l u r e  might have  resul ted.  It 
i s  p o s s i b l e   t h a t  the even t s   d i r ec t ly   p reced ing  the o s c i l l c -  
t i o n s  o f  the a i r2 lane   ( i . e . ,   the   uncont ro l lab le  fo re  an& aft 
motions. oI" t he   con t ro l  s t ick)  v e x  due t o  similar f c b r i c  
ilctachment ond ballooning. The p o a c i b i l i t g  exists that 
rupturo of pmt of the fas ten ings   secur ing   the  fabric t o  the 
e l eva to r  ribs p e r n i t t e d  R sudclen b d l o o n i n g  of the fabric, 



which i n   t u r n  causod  sudden changes i n  tho clevatqr hingo 
nomcnt,  Thcec  sudden  chLulges i n   h i n g c  nmcnt  may have bcon t h o  J 

motivating  force  bohind  the e lcvatw ~ s c i l l a t i o n s ;  t h o  e f f e c t  
on t h e   s t i c k  was nqtfccd by the p i l o t ,  During thc COUTBO qf 
these  elevator q s c i l l a t l o n s ,  p r o p c s s i v e  detachment o f  the  
fabric may hnvo t?lso contr ibuted tr, the o s c i l l a t o r y   p i t c h i n g  
of the airplane, On the  basis gf' t e s t s  af the Douglas (2-74 
t a i l  and upon ccmsidcration Qf the symptms  lending t q  the  
crash  of the a i rp l ane  it appears q u i t e  p m e i b l e  thz-t t h o  
accidont was t h c   r c s u i t  of' b a l l m n i n g  Qf t he   e lova to r   f ab r i c  
due t 9  fc. i lurc Qf i t s  fas ten ings   dur ing   thc   t ea t  f l i gh t .  

It; i s  shmn on f igu re  22 that c i t h c r   s t n b l e  3r unstable  
dynmic  pitching-mrncnt  conditions qf the  a i rp lme  a r c  pQselblc,  
depondont on t h e   e x t e n t   t o  which e l c v n t w   s u r f a c e  defmrna- 
t i m  mcurs.  Unfwtunntcly,  it i s  i m p s s i b l c   t o   r c a c h  Lmy 

. d e f i n i t o   c o n c l u s i m  frm thie   curvo  due t? the  uncortainty Qf 
the absolute   valucs  of the data, It i s  evident ,  howover, thct 
f o r   g r e a t e r  dlynrtlilic longi tudina l  s t c b i l i t y  n01w nGgntivc valucs 
9f arc rcqufrcd, The c f f c c t  T? bulge and eag, i n  goncrnl,  
fms t9 cc?usc m r c  pos i t ivc  Chg V P ~ ~ U C G ~  The bulging r>f t h e  
f r b r i c   o v c r   t h c   n w c  Qf t hc  o l c v a t w  ohcngcd t h c  n3sc balance 
shnpo t 9  m e  qf greater bluntncss.  A m r c  blunt  nosc shapo can 
produce rnoro p9s i t i vo  Ch8 vP.lucs ( rcfcrcnco l}, which  would 
bc  ospccinlly  detrirncntal  with a c l Q s c l y  b l a n c c d  e leva tor  r>l' 
this typc, A&vcrsc c f f c c t s  nrc also a t t r i b u t e d ,   i n  part ,  t 9  
thc  bevclod  t ra i l ing-edge  scot iqn  resul t ing from scg Qf t h c  
fcbric bct.i.rccn ribs nt t h e  aft p o r t i m  ?f the c l c v a t w .  Tho 
bcvclcd cdgc i n  this caee was Compsod qf  t he  trim and c m t m l  
tabs whoso surfnccs did  nqt dcforn appreciably undor load. 
Roaults af f l i g h t  t e s t s  of c l c v a t o r   s c c t i m s  havc shown m w o  
p9,eitivo Cha vnluca r o s u l t i n g  frm bcvc lcd   t r ck l ing  cages 
(ref cronco 4). f.lind-tunnc1 dnta f Qr bovolcd  t ra i l ing-cQc 
o lcva tma  having wcrhtzngfng balnnco 'and a blunt nqse have 
ehrlvm wcrbnlmco at high lluch numbors (rcforcncc 5)  , Elinin,?- 
tim of thc w c r b l L m c o  i n  that c3st3, r o s u l t o d  upm Ghnnging 
tQ straight-sided clcvcttrlrs, The r c s u l t e  qbtuincd f r ? m  t e s t s  
Qf thc  C-74 c l c v a t w  shrlw that tho qnly fabric condition i n  
which Chg romninod negative with incrcasc Zn I i m h  number TKLS 
that whcrc t h o  surfdoc dcfwmaticm WI.B held t q  a. minimum by 
fobric fns t cn ing  and decreased r i b  spacing,  Fabric  fnstoning 
&and dccroascd r i b  spacing may nrlt be tllc sof'cst s q l u t i m ,  
howover, ns u p m  aging and d c t e r i o r o t i m  qf t ho  fabric, it is 
pmsib le  that bulglng m d  sagging m y  recur with mcmpanying  

fl 

d 
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L. dverse  e f f e c t s .  This considerz.tion suggests the use  of 
netal-coverod  elevc?tors. 

After i2.bric bulge a d  s q  hava bcon  reduce& t o  a c in inun ,  
still gren to r  longitudincd. dy~an ic  etebility of the nirplc+nc 
m y  bo obtained by using a shmpcr nose section or b dccrcas- 
i n g  t h e  m e 2  of the ovorhanging b,?lcnce (reference 6 J . Sini- 
lar resul ts  my a l s o  be obtained br extenslon of the t r a i l i n g  
edge, n change which i n  effect auounts to a d e c r e n s e   i n  
balance. It is recomenCieCL tha t  should further t e s t s  30  cox- 
ducted f o r  i n v e s t i g a t i o n  of the effect of t'flose nod i f i cc t ions ,  
G smaller nodel  be used s o  thct tho  cbeolute values of t h e  
aerodynamic c o e f f i c i e n t s  c,m be obtzincd more accurately. 

Due to the nagni tude  and  uncertainty o f  t h e  tunnel-m.l.1 
co r rec t ions ,  the absolu te  values of the  aerodymmic coeffi-  
cients of the Douglas C-74 tnil are subject t o  questlon. 
Fron results of  t e s t s  of m e lovc to r  in v x f o u s  oonZitions 
of   eur fzce   deformt ion  and on t h e  bcsis of m malysis or" the 
dgmsic pitching-moment chcul2oter3.stics of the n i rp lme ,  i t  
i s  indics ted   thn t   f tzbr ic   bu lge  mCi s a g  may hme cmsed  
unstable o a c i l l n t o r y  fligE-t md the c r s h  of the airplme. 
Less l i ke l ihood  of 1 o n g i t u d i n . d   d y n m i c  ins tnbi l i t ;7  w . z m  i n 2 -  
o n t o d  t hen  the c levc to r   su r f r sc   de fo rm- t ion  r-rm nininizcd, 
I n  t e a t s  of & m  elevctor identLcc-1 t o  that on the Douglt,s C-Tl? 
a i r p l c n c  the frbric t o m  looeo  f r o a  t h e  ribs cnd  severs  
surfsce bal looning  accompanied by l m g e  ch,mges in the hinge 
nonents occurred. It is possible tix-f the s y q t o n s  leadLn.2 
t o  the crash of the a i r p l a n e  m r o  ccused by the fabr ic  
tocaring loose f r o n  the ribs. 

h e s  Aeronaut ical  LzboPatoq*, 
1Tationa.l Advisory Comaittee f o r  Aeronautics, 

E o f f c t t  Fiela, C a l i f .  
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Figure 2.- Three-quarter  rear view of the por t ion  f'rom EL 
Douglas (2-74 t a i l  being nomted i n   t h e  Anes 16-foot 
high-speed  wind  tunnel, 

Figure.3.-  Location of lines t o  s h m r  deformation Qf fabrio 
on C-74 e leva tor ,  

Figure 4.- Type of sur faoe  d e f o m a t h n '  f o r  the Douglas G74 
e leva tor   dur ing  t e s t s  i n  the h e s  16-foot high-speed 
wind tunnel  fabriu detached cmd.ition. ad'. 6e= 2 O ,  iM1.55, 

Figure 5" Photographs shming differences i n  bulging f o r  the 
u per   surfaces  of two s l n i l m  elevators t e a t e d  i n  %he Anes 
lg-foot h i g b s p e e d  wind tunnel, (EL) Fabr ic  loose, 
(b) Orig ina l  c o n d i t i m ,  

Figure 6*-  Varia t ion  qf elevatgr.hU1ge-nomcnt CQefficient 
with e leva tor  angle for a s o c t i m  of  the hor i zon ta l  t a i l  
from a Douglas C-74 airplane, Original condi t ion - fabpio 
detached, &0,2, 

Figure 7.- Varia t ion  of elovatw hinge-mment c o e f f i c i e n t  with 
e lova tor  angle f o r  a sec t ion  of the h o r i z o n t a l  tail fron 
a Douglas C-74 airplane. Origlnal cmdftiar,  - fabric 
fas tened ,  (a) 111=0.20. (b) X = O * ~ ~  

Figure $.- Vmia t ion  of c l eva tw  hingc-nment coof'ficfcnt 
with elevator  angle for a scot ion qf the h o r i z o n t a l  ta i l  
from a Douglos C-74 a i rp l anc ,  Dcorcased rib spacing - 
f a b r i c  fastened, (a) I4=0.20. (b) H=O.&O. 

Figure 8.- Cmchded,  (c) K=0.50. (a) S~kO~59. ( e )  1;=0,60. 
Figuro g.-.Variation o f  c l c v a t w  h f n g c a m c n t  c w f f i c i c n t  

w i t h  elevator angle f a r  8 m o t i o n  qf the h w i z o n t a l  
t a i l  from a Douglas (3-74 aLrplanc, Fabrfo in original 
condi t ion.  (a) 11=0.20. (b) I4=Or&l. ' 
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Figure 9.- Cmcludcd, ( c )  lf=O.fsO, (d)&0.525-(e) Ik0.55. 

Figure 10.- Variat ion Qf elevator   hinge-nment   coeff ic ient  
with t -a i l  angle ~f a t t a c k  f o r  i? s e o t i m  qf t he   ho r i zon ta l  
t a i l  frcln EL D2uglas C-74 a i rp lane .   Or ig ina l   cmcmtim - 
fabric  detached. !Z=O. 20. 

* 

Figure 12.- Var ia t ion  of  t h e   e l e v a t w  !linge-norr!ent coe f f i c i en t  
w5th t a i l  eagle  qf a t t a c k  f o r  r? s e c t i m  q f  t h e   i m r i z m t a l  
tail from a Dcluglas C-74 a i rp l anec  Fabric f a s t ened  - 
decreased r i b  spacing, (a) i i=Or20,  (b) i;=O.hO. 

Figure 12,- Concluded. (c) iid.50. (G-) ii=O,55. ( e )  IZ=0,60. 

Figure 13.- Variat ion ?f e levot9r  !linge-r;lqaent coef f i c l e z t  
with t a i l  angle  of a t t a c k  f o r  E? aect iqn qf t he  h o r i z m t a i  
tail fron a Dmglas C-74 a i rp lane ,   Febpic   in  q r i g i n a l  
c9nditi .m. (a> l'i=0.20, (b )  If=O.M. 



Figure 17.- Var ia t ion  of t a i l  lift ooef f fo i en t  wit 'n elevator 
angle for 8 seotion of the horizontal tail f r o m  a Dmglas 
C- 4 airplane. Pnbric i n  or iginal  condi t ion,  

IC4.20, (b) K = O O > , 4 0 .  

Figure 17.- Concluded. ( c )  lli=0,50. (a) 1k0.525. ( e )  1Hl.55. 

Figure 18.- Variation of elevator Ungc-monent parameters 
w i t h  Iiach number f o r  a sec t ion  of t h o  horizontal tai l  
from a Douglas C-74 airplane. O r I g h l  conf i t ion ,  f abrFo 
fastened,  

Figure 19,- Varia t iQn of elevator hinge-moment parameter8 
w i t h  IlInch number for a sec t ion  of the horLzontal  t a i l  
from EL Douglas C-74 airpkae, Fabric fastcned - decreaeed 
r i b  spacing. 

Figure 20.- Vmiation ?f elevator hinge-moment pmmetcrs 
with iInoh nunber for a goction 'If the h o r i z m t a l  tail from 
a. Douglas 0 7 4  airplane. Fabric fn mig ina l  condition, 

Figure 21,- Variation of e l eva to r  hinge-moment vith control 
tab angle for a section of thc hqrizontal t a i l  fron a 
Douglas "74 airplano. Fabric in or ig ina l  cgndition. ad". 
(a) iS=0.20. (b) H=O,&l. 

Figure 21,- Cmcludod. (c) if=O.@. (d) IS=0.50. (e )  K4.525. 

Figure 22.- 0 7 4  airplnnc elevator-free l ong i tud ina l  s tabi l i ty  
boundaries at c o m t n n t  speed. ( S t a b i l i t y  boundaries 
reproduced from figure prepared b Aerodynzmios Dopartnent, 
Douglc-s Aircraft Co., Inc , 11-1- i I & )  

(P)  rr=o.55 

Figuro 23.- Varia t ion  9f indicated airspeed w i t h  Xach nunber 
f o r  tho conditions in the wind tunnel  during t e s t s  af  the 
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Fiy;ure 2,- Three-quarter - r e m  view of the p o r t i o n  f r o n  w Douclas 0-74 toil being - 
nountea in the-Ames &foot  high-speed wind tunnel, 
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FIGURE IS.- LOCATION OF LINES TO SHOW DEFORMATION 
OF FABRIC ON C-74 ELEVATOR. - 
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BUL6E FROM NOSE S K I N  I !  

SA6 B E T W E E N  RIBS N O  APPRECIABLE 
DEFORMATiON OF 

NOSE S K I N  TAO S U R F A C E 7  

NOTE RESULTING BEVELED 
T R A I L I N G  EDGE 
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(a) Fabrio  loose.  (b) O r i g i n a l  condition. 

Fi&re 5.- Photographs showing d i f f e r e n c e s  i n  bulging f o r  the 
UpDeP SUPf2CeS of tr-ro similar e l e v a t o r s   t e s t e d  i n  the  Ames 
I G f o o t  high-speed  wind  tunnel. 
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